Hydroponic growing methods are growing in popularity and seem to have numerous benefits (i.e., environmental, increased product yields, year round growing) compared to soil grown crops. Although these advantages are attractive, they do not guarantee a high quality product. Taste is a driver of consumer acceptance; therefore, sensory analysis of the hydroponic product will be an important indicator in its success. In this study, we evaluated the sensory differences and preferences in hydroponically grown and soil-grown strawberries (Fragaria x ananassa) using unspecified discriminatory and preference analyses, and descriptive testing correlated with nutrition content data. Most (87%) of participants could identify differences between hydroponically and soil grown strawberries and 70% preferred the hydroponically grown strawberry (p = 0.06). The nutrient composition of the strawberries significantly influenced several sensory analysis categories (sweetness, overall flavor and overall taste (p < 0.05)). The use of sensory studies in relation to consumer acceptance and nutrient quality will be an important factor to consider for exploring growing methods and techniques in hydroponic technology.
Methods

Growing Conditions
The growing conditions have been described previously [3] . Briefly, soil and hydroponically grown strawberries were grown at the University of Nevada, Reno (UNR) Experimental Station. During the growing season, the greenhouse temperature was kept at 70˚F during the day and 60˚F at night. The humidity averaged at 30%. Hydroponic and soil strawberries were randomized within the available space in the greenhouse. Soil grown strawberries were planted in a 1:1 ratio of Miracle-Gro ® potting soil (Maryville, OH) and Nevada top soil. The strawberries were watered by a drip irrigation system three times weekly. General Hydroponics Flora Series (Sebastopol, CA) was the nutrient solution used for the hydroponic strawberries and nutrient ratios were adjusted according to the manufacturer instructions during different stages of plant development. The pH and parts per million concentration (ppm) of the nutrient for the strawberries was maintained between 6.0 -6.4 and 400 ppm, respectively. These strawberries were adjusted three times weekly, as needed.
Harvesting and Sample Preparation
Strawberries were harvested between 7 AM and 8 AM by hand when they reached 100% visual red surface color. The strawberries were placed in a plastic laboratory bag and immediately transported to the UNR sensory laboratory. UNR sensory evaluation booths were designed according to the American Society of Testing Materials standards. The sensory evaluation laboratory booths were 34" × 60" × 72" and were designed to ensure participation privacy during testing. These booths were built with an 11" sliding door serving hatch to serve participants.
The strawberries used for sensory evaluation were harvested on the same day they were evaluated by participants. These strawberries were rinsed with tap water before serving and allowed to dry on a paper towel. Berries were served at room temperature in two ounce, clear plastic cups coded with a three digit random number. The average sample size for each portion was bite size, approximately 10 grams.
Participant Selection
The study was approved by the UNR Institutional Review Board (project number: 583149-1). Participants were untrained in sensory evaluation and were undergraduate or graduate students at UNR. Participants were re-cruited through word of mouth as well as undergraduate nutrition classes and asked to come to the UNR sensory analysis laboratory to give their preferences on locally grown strawberries.
Surveys for Sensory Evaluation
Unspecified discriminatory tests, unspecified preference tests, and descriptive tests using 13 descriptive attributes were used to evaluate the strawberries. The discriminatory test used to determine a difference in the strawberries was the tetrad test. The students were presented with four samples (two hydroponically grown strawberries and two soil grown strawberries) and were asked to group the samples into two groups of two based on similarity. The tetrad test offers advantages compared to other discriminatory tests because it allows for increased statistical power explained by the Thurstonian theory [13] . The tetrad also has advantages because it decreases effect size and reduces unexplained variations within the samples, therefore using less panelists and samples [13] .
Preference tests were conducted after the discriminatory test was completed. Volunteers participating in the preference tests were given two coded samples (one hydroponically grown berry and one soil grown berry). The participants were asked to circle the sample they preferred, or to circle "no preference" if they did not have a preference between the two samples.
Descriptive analysis was conducted using a 5-point hedonic scale using a "smiley face" which depicted cartoon faces with smiles to frowns [14] . The cartoon faces were labeled from "very satisfied" to "vey unsatisfied". The following attributes were evaluated: overall color, color uniformity, overall appearance, overall aroma, aroma intensity, amount of sweetness, amount of sourness, fruit juiciness, overall taste, fruit firmness, overall texture, overall mouthfeel and overall flavor.
Statistical Analysis
Data for the tetrad and preference tests were analyzed using IBM SPSS Statistics ® , version 23.0 (IBM, Armonk, New York, USA). Data for the correlation analysis was analyzed using SAS ® , version 9.4 (Cry, N.C., USA). The tetrad test was analyzed by calculating the test statistic (d') and used to determine the effect size [15] . A d' of 1 can be considered as a threshold value for psychophysics [16] . Sample sizes for the tetrad test was calculated at α-level = 0.05 and power = 0.8 [17] . Preference tests were first evaluated by chi-square analysis and then by binominal statistics. Descriptive tests were first compared using the independent t-test (p < 0.05) and correlated to existing nutritional data ordered linear regression. Results were adjusted for sex, age, ethnicity, and fresh strawberry consumption.
Results
Discrimination Test
Sensory evaluation for the discrimination determined if volunteers could detect an overall difference between hydroponically and soil grown strawberries. Descriptive characteristics for all tests are outlined in Table 1 . The panel included 15 participants, aged 17 -64 with the majority of volunteers between the ages 17 -29. Results indicated, out of 15 participants, 87% completed the questionnaire correctly. By using the Thurstonian theory, a d' was calculated at 2.0, and with a threshold of d' = 1.0, the majority of participants were generally able to discriminate between hydroponically and soil grown strawberries.
Preference Test
Preference test data results are outlined in Table 2 . The chi-square was first used to determine significance in distributions between prefer hydroponic, prefer soil and no preference (p < 0.05). Zero participants chose the "no preference" option and binomial statistics were used to determine significance between preference for hydroponically grown strawberries and soil grown strawberries. For the strawberries, 70% of participants indicated that they preferred hydroponically grown strawberries compared to the soil grown strawberries; however, the preference was not significantly different (p = 0.06).
Descriptive Test
The results for the descriptive tests between hydroponically and soil grown strawberries are outlined in Table 3 . Of the 13 attributes studied, overall aroma and aroma intensity were the only attributes that reached statistical significance (p < 0.05). Hydroponically grown strawberries showed higher mean ratings for these two categories. Among the other 11 attributes assessed, nine of the attributes showed higher mean scores for hydroponically grown strawberries compared to soil grown strawberries. Overall appearance and fruit firmness showed higher ratings for soil grown strawberries compared to hydroponically grown strawberries; however, results were not significant.
Correlation between Sensory Analysis Data and Nutrient
Methods and quantification of nutrient composition of the soil and hydroponically grown strawberries have been previously reported [3] . Additional nutrient data was collected for matching the correlational analysis. The updated results are reported in Table 4 . It was assumed the nutrient data matched the sample for sensory analysis. For the soil grown strawberries, the correlational analysis indicated no significant association between sourness, appearance, aroma, color uniformity, fruit firmness, overall mouthfeel, fruit juiciness, or overall texture ( Table  5 ). Significant associations were observed with amount of sweetness and ascorbic acid, α-tocopherol, % moisture and Brix. Aroma intensity and overall color were significantly correlated with ascorbic acid. Overall flavor was significantly associated with ascorbic acid, α-tocopherol and percent moisture. Overall taste was significantly associated with ascorbic acid and α-tocopherol. For the hydroponically grown strawberries, the correlational analysis indicated no significant association between sourness, appearance, aroma, aroma intensity, color, color uniformity, fruit firmness, fruit juiciness, or overall texture ( Table 6 ). Significant observations were observed with amount of sweetness and moisture content, overall mouthfeel and glucose. Overall taste and α-tocopherol, percent moisture and fructose were also significantly associated. 
Discussion
Hydroponic growing methods are growing in popularity and seem to have a positive overtone because of the numerous environmental benefits of soilless methods compared to soil grown crops [1] . Although there are numerous benefits to the hydroponic system, it does not automatically guarantee a high quality product. As this technology is advancing, it is important to consider the sensory attributes of the hydroponic product since taste is one of the main drivers of consumption [18] . Our study indicated 87% of the participants could correctly identify unspecified differences between hydroponically and soil grown strawberries. Since our participants were untrained, it can be assumed that consumers, in general, may also be able to identify unspecified differences. Unspecified preference tests indicated that 70% preferred the hydroponically grown berry compared to the soil grown berry; however, the results were not significant (p = 0.06). Additionally, the majority of the sensory analysis categories indicated higher ratings for hydroponically grown strawberries, but significance was reached only with aroma and aroma intensity. Our study sample was limited to students enrolled in classes at UNR and the majority of study participants were between the ages of 18 -29 years old. Larger studies from the general population should be conducted with a random sample to diversify the demographics and make the results more generalizable. The correlational analysis showed several significant associations with the amount of sweetness in soil and hydroponic strawberries. Additionally, significant associations were observed with overall flavor and overall taste with soil grown strawberries and overall taste with hydroponic strawberries. Although there is a high level of variability in consumer acceptance and preference with fruit, it is essential to identify key sensory properties that drive preference. In the correlational analysis, it appears sweetness, flavor and taste correlated with several nutrients and sensory ratings. The results indicate the nutritional composition of the berry may influence sensory scores. With hydroponic food production, it is possible to change parameters in the solution to encourage the plant development of sugars or bioactive compounds. Identification of nutrition factors driving sensory ratings may aid in the development in hydroponic produce production. Additionally, researching these factors in future studies will be important in determining the success of the hydroponic product.
Although this study shows significant findings for nutrient and descriptive sensory data, it is limited with the use of untrained panelists. Untrained panelists are generally considered to be less accurate than trained panelists when using descriptive testing, since they are not oriented to the sensory attributes of interest and there will likely be high variability in the data [19] . However, recent research has suggested this variation might not be as large as previously thought and indicated untrained panelists may be appropriate for descriptive testing [20] . Additional research should be conducted with trained panelists to confirm the findings of this study.
Conclusion
Findings from this study suggest that consumers do not have significant preference between hydroponic and soil grown strawberries. However, due to the small sample size, further research should be conducted with larger panels of different demographics to verify findings. With the environmental benefits of hydroponic produce production combined with the favorable descriptive sensory analysis ratings, it may be desirable to the consumer and beneficial to the environment to grow strawberry cultivars in non-arable regions to provide fresh fruit. However, much more research should be done to determine the optimum feasibility as well as methods to improve sensory evaluation scores.
